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SUBSCRIBER INTERFACE PROTECTION CIRCUIT 

The present invention relates to circuits that protect 
against overvoltages, which circuits can be used in particular for 
subscriber line interface circuits (SLIC) . 
O;**— ^ Telephone circuits connected to lines are particularly 
5 likely to be disturbed by overvoltages such as lightning discharges or 
accidental connections to lines of the electric power network. 
Further, the problem of the protection of interface circuits becomes 
more and more acute as these interface circuits are formed of more and 
more integrated circuits of smaller and smaller dimensions and 
10 accordingly, more and more sensitive to overvoltages. 

The applicant has been studying SLIC protection circuits 
for many years and has already devised several novel circuits, 
monolithically implementable , which are described, in particular, in 
US patents N° 5274524, 5243488, 5696391 and 5684322, and in European 
^at ^gt^a^ lications 0742592 and 0687051. 

~^ present invention aims at implementing a monolithic 



protection circuit capable of establishing a short-circuit between 
each conductor o£ a line and a ground when the voltage on this 
conductor exceeds a^etermined positive threshold or becomes smaller 
2 0 than a predetermined negative threshold. 

The present invention also aims at implementing such a 
circuit which also establishes a short-circuit between a line 
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conductor and the ground when the current in this conductor exceeds a 
determined threshold. 

The present invention aims at implementing such a circuit 
which can be manufactured by technologies compatible with that of 
power integrated circuits developed by the applicant. 

Another object of the present invention is to provide such 
a circuit which is particularly reliable in operation. 

Another object of the present invention is to provide such 
a circuit in which the on- state voltage drop is minimum (equal to the 
voltage drop across a thyristor only) . 

Another object of the present invention is to provide such 
a circuit which requires a very low current to be started. 
Q,$2^> achieve these objects, the present invention provides a 

monolithic Component that protects against line overvoltages greater 
than a deterrhined positive threshold or smaller than a determined 
negative threshed, including in antiparallel a cathode -gate thyristor 
and an anode -gates, thyristor connected between a first terminal of the 
line to be protected and a reference voltage, the gate of the cathode - 
gate thyristor beingy connected to a negative threshold voltage via a 
gate current amplification transistor, the gate of the anode-gate 
thyristor being connected to a positive threshold voltage. The 
monolithic component is made in a substrate of the first conductivity 
type divided into wells \eparated by isolating walls, the smaller 
surfaces of which are coated with insulating layers, the smaller 
surface of the substrate being uniformly coated with a metallization. 
The gate current anpl if i cation transistor of the cathode-gate 
thyristor is made in vertical form in a first well. The cathode-gate 
thyristor is implemented in vertical form in a second well. The anode - 
gate thyristor is implemented in vertical form in a third well. The 
smaller surface metallization links^ up the collector of the 
transistor, the anode of the cathode-gate thyristor, and the cathode 
of the anode-gate thyristor. A first Vront surface metallization 
connects the cathode of the cathode-gate thyristor to the anode of the 
anode-gate thyristor. A second front surface metallization connects 
the gate of the cathode -gate thyristor tto the emitter of the 
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transistor. A third front surface metallization is in contact with the 
gate of the akee fe^y a'Ue L l iyii ^Lua . 

According to an embodiment of the present invention, the 
component further includes a diode, the anode of which is connected to 
5 the gate of the anode -gate thyristor. This diode is implemented in the 
form of a P-type region itself formed in an N-type region, the latter 
being formed in the cathode-gate region of the anode-gate thyristor, 
on the upper surface side of the component. 
L Qf^^ "According to an embodiment of the present invention, the 

/V!u) gate of the o^thode-gate thyristor is connected to a second terminal 
f/ of the line to Be protected associated with the anode-gate thyristor, 

this transistor, orNFNP type, being formed on the upper surface of the 
component, the collector region extending via isolating walls towards 
ffl the smaller surface ana^being in contact with the smaller surface 

^ 15 metallization. 

foregoing objects, features and advantages of the pres- 
** ! ent invention, will be discussed in detail in the following non-lxmit- 
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q ing description of specific embodiments in connection with the accom- 

^0 panying drawings wherein: 

fjj . 20 Fig. 1A shows an example of a protection circuit; 

O Fig. IB shows an embodiment according to the present 

invention of the circuit of Fxg. 1A; 

Fig. 2A shows an alternative of a protection circuit; 
Fig. 2B shows an embodiment according to the present 
25 invention of the circuit of Fig. 2A; 

Fig. 3A shows another alternative of a protection circuit; 
Fig. 3B shows a first embodiment according to the present 
invention of the circuit of Fig. 3A; 

Fig. 4A shows another alternative of a protection circuit; 

3 0 and 

Fig. 4B shows a first embodiment according to the present 
invention of the circuit of Fig. 4A. 

1A shows a circuit that protects against overvoltages 
and overcurrents on a telephone line L1-L2 . Each of the conductors of 
35 the telephone line includes a series resistor, respectively Rl, R2, 
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enabling to detect overcurrents . The terminals of resistor Rl which 
form first input terminals of the circuit according to the present 
invention will be called L1A and LIB and the terminals of resistor R2 
which form second input terminals of the circuit will be called L2A 
5 and L2B. Between terminal L1A and a reference potential, currently the 
ground, two antiparallel thyristors, that is, a cathode-gate thyristor 
Thl and an anode-gate thyristor Th2, are arranged. The anode of 
thyristor Thl and the cathode of thyristor Th2 are grounded, and the 
cathode of thyristor Thl and the anode of thyristor Th2 are connected 
10 to terminal L1A. The gate of the cathode-gate thyristor is connected 
to a negative voltage source -V via an NPN-type amplifier transistor 
□ Tl. The gate of the anode-gate thyristor is connected to a positive 

p. voltage source +v (in this embodiment, via a diode Dl) . The gates of 

0 thyristors Thl and Th2 are connected to terminal LIB. The emitter of 

15 transistor Tl is connected to terminal LIB, its collector to the 

gi 

>■ ground and its base to negative voltage -V. This assembly forms the 

W- system of protection against overvoltages and overcurrents of 

^ conductor LI. Symmetrically arranged components designated by dashed 

0 references form the protection against overvoltages and overcurrents 

£ 2 0 of line L2. The operation of this circuit which will be better 
Q understood by referring to the patents and patent applications of the 

applicant mentioned hereabove is the following. 

- If a positive overvoltage greater than voltage +V occurs 
on conductor LI, a current flows from the anode to the gate of anode - 

25 gate thyristor Th2 via diode Dl towards voltage +v. Thyristor Th2 
turns on and shunts the overvoltage to ground. 

yui^CM^ ~ ifsa negative overvoltage smaller than voltage -V occurs 
on conductor LI , isathode - gat e thyristor Thl turns on and the negative 
overvoltage flows towards the ground. Transistor Tl increases the 
3 0 triggering sensitivity^ acting as a gate amplifier. 

- If a positive current flows through resistor Rl to 
generate across this resistor a voltage greater than the threshold 
voltage of anode-gate thyristor Th2, the latter turns on. 

- If a negative current flows through resistor Rl, cathode- 
35 gate thyristor Thl. turns on. 



d ^Nsdevice that protects against overvoltages and over- 

currents on conductor LI has thus effectively been obtained. The 
smaller portion >of the circuit performs the same function for 
conductor L2 . 

It should be noted that the values of voltages +V and -V, 
which will for example be provided by batteries, are not necessarily 
equal. 

The function of diodes Dl and Dl' is to isolate batteries 
+v and -V from each other, as well as from lines LI and L2 in the 
absence of overvoltages. 

Fig. IB is a simplified cross -sectional view of a semi- 
conductive wafer incorporating the circuit of Fig. 1A. Only those 
elements belonging to the upper portion of the protection circuit of 
Fig . 1A are shown in Fig . IB . The symmetrical components in the 
circuit are formed in the same way in the same silicon wafer, as will 
clearly appear to those skilled in the art. 

j> \The component of Fig. IB is formed from an N-type substrate 

1 divided in^o three wells by isolating walls 3 and 4. Each isolating 
wall is forme^i by a P-type drive-in extending from the upper and 
smaller surface&y of the layer, with these diffusions joining 
substantially at tnfe middle of the wafer. The component is performed 
in a semiconductor pqwer component technology in which a single 
metallization Ml covers fche entire smaller surface or rear surface of 
the component. According Co an aspect of the present invention, a 
technology in which the appar^t portion of each isolating wall on the 
smaller surface side is insulab^d by an insulating layer is used. 
Reference 5 designates an insulating layer, currently silicon oxide, 
formed under the smaller surface of r^olating wall 3 and reference 6 
designates an insulating layer formed oa^der the smaller surface of 
isolating wall 4. 

OASyr Transistor Tl is formed in the left-hand well. This 

transistor is of vertical type and includes on the upper surface side 
a P-type base region 10 containing an N-type emitter region 11. On the 
smaller surface sa^de is formed an N+-type region 12 forming the 
collector contact recovered by metallization Ml. It should be noted 
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it insulating layer 5 extends so that metallization Ml contacts N 
region 12 and not substrate 1 of the well. An advantage of 
inpl^nienting this transistor in vertical form is that it. can easily 
withstand relatively high voltages (voltage -V is for exanple -50 V) . 
5 Further\ the connection between the collector of this transistor and 
the anodeVof cathode-gate thyristor Thl is performed in a particularly 
sinple and\efficient way by the rear surface metallization. Further, 
transistor XL has a high gain (on the order of 80 to 200) which 
results in aVparticularly low current to be supplied by battery -V 
10 upon each triggering,. 

$athode-gate thyristor Thl is formed in the central well of 
Fig. IB. Il\is implemented in vertical form. It includes on the 
smaller surface side an anode region 30 and on the upper surface side 
a P-type regional and an N-type cathode region 32 , currently provided 
with emitter shirt: - circuit s . It should be noted that insulating 
regions 5 and 6 extend to P region 30 so that metallization Ml does 
not contact the N-t^e„ antral -wp_3rl* 

@c<^> the right-hand well of Fig. IB are formed anode-gate 

thyristor Th2\and diode Dl. Thyristor Th2 is made in the same way as 
thyristor Thl ifa vertical form. It includes on the smaller surface 
side an N cathodev region 40, and on the upper surface side a deep 
lightly-doped P-type\region 42 (made at the same time as anode region 
30 of thyristor Thl) i*i which are formed an N-type region 43 and a P- 
type anode region 44 . Conventional ly, the anode region is provided 
25 with emitter short -circuits. Diode Dl is formed in P-type region 42 
and includes in this region\an N-type region 45 forming its cathode 
and a P-type region 46 forming its anode. This diode is a lateral 
diode. 

On the upper surface side, the contacts are made by several 
3 0 metallizations : 

- a metallization M2 connected to terminal L1A connecting 
the cathode of the cathode-gate thyristor to the anode of the anode- 
gate thyristor, 

- a metallization M3 connected to terminal LIB connecting 
3 5 the gate of the cathode-gate thyristor to the emitter of transistor Tl 
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and the gate of the anode-gate thyristor to the anode of diode Dl; 
although, in the cross -sectional view, this metallization is shown as 
formed of two separate portions, it should be understood that it is 
one and the same metallization, 

- a metallization M4 connected to terminal -V in contact 
with the base of transistor Tl, and 

- a metallization M5 connected to terminal +v in contact 
with the cathode of diode Dl. 

This structure enables to control thyristor Thl with a very- 
low turn-on current while this thyristor can have a high hold current 
(Ih) . The implementation of thyristor Th2 by triple diffusion enables 
to obtain a sensitive thyristor. 

More heavily-doped regions of same type as the underlying 
regions for improving the ohmicity of the contacts with the various 
metallizations have further been shown in the drawing. These regions 
are neither referenced, nor described, so as not to complicate the 
drawings and lengthen the description. Also, regions such as region 50 
conventionally form channel stop regions to avoid the occurrence of 
leakage currents. 

Q\!& S^ig- 2A shows an alternative of the circuit of Fig. 1A. 

Elements TTV Thl, Th2, T'l, Th'l, Th'2 reappear therein. The 
difference withv Fig. 1A is that the gate of anode-gate thyristor Th2 
is not connected\to the gate of cathode-gate thyristor Thl and is 
directly connected/ 1 ^ well as the gate of anode-gate thyristor Th'2, 
to positive reference \oltage +V. This circuit is simpler but does not 
protect against positive\overcurrents . It however has the advantage 
that the anode-gate thyristor is particularly sensitive due to the 
absence of anode short-circuit 

The implementation of this circuit in the form of a 
monolithic component appears in Fig. 2B. This drawing will not be 
described in detail since it is strictly similar to Fig. IB without 
diode Dl, that is, anode-gate region 43 of anode-gate thyristor Th2 is 
directly connected to positive voltage +V. It should also be noted 
that anode layer 44 of the anode-gate thyristor is not, in the 
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embodiment of Fig. 2B, provided with emitter short-circuits, which 
enables to obtain a more sensitive thyristor. 

On the other hand, in the case of Figs. IB and 2B, 
insulating layer 6 has been shown to extend to cathode contacting 
region 40 of anode-gate thyristor Th2. Of course, since this contact 
layer is of the same type as the substrate, insulating layer 6 can 
stop immediately beyond the smaller surface of isolating wall 4. 

*^ig. 3A shows another alternative of the circuit according 
to the present invention. This time, the structure is completely 
symmetrical, that is, anode-gate thyristor Th2 is, like cathode-gate 
thyristor Thl, \associated with a gate current amplification 
transistor. This transistor is designated with reference T2 for 
thyristor Th2 and withv reference T2' for thyristor Th2' . Transistors 
T2 and T2' are PNP transistors while transistors Tl and T' 1 are NPN 
transistors . 

£VV> itrplementation according to the present invention in 

monolithic ftorn of the circuit of Fig. 3A appears in a sinplified 
cross - section >in Fig. 3B. Transistor Tl and transistor Thl are 
implemented in the same way as in the embodiments of Figs. IB and 2B. 
Thyristor Th2 is implemented in the same way as that of Fig. IB or of 
Fig. 2B according to the sensitivity desired for this thyristor. 
Transistor T2 is implehjented between the wells containing thyristors 
Thl and Th2. The colleco^r of this transistor is formed of a P-type 
layer 61 deeply dif fuseaX, frcm the upper surface. Region 61 is 
surrounded with a P-type drx^e-in 62 which joins a P-type region 63 
formed from the smaller surface and on which is recovered the 
collector contact by metallizatiohs^Ml . Inside collector region 61 are 
formed a base region 64 and a P-typeSemifefcei. leyiun G?. 

A first upper surface metallization M10 connected to 
terminal L1A is in contact with the cathode of thyristor Thl and the 
anode of thyristor Th2 (although this metallization is shown in two 
portions in the drawing, it is one and the same metallization) . A 
metallization Mil connected to terminal LIB is in contact with the 
gate of thyristor Th2, the emitter of transistor T2, the gate of 
thyristor Thl, and the emitter of transistor Tl. A metallization M12 





connected to terminal -V is in contact with the base of transistor Tl. 
A metallization M13 connected to terminal +V is in contact with the 
base region of transistor T2 . 
^(^> F?b^. 4A shows an alternative of the circuit of Fig . 1A . 

This sittpler circuit does not protect against overcurrents . Elements 
Tl, Thl, Th2, tNi, Th' 1, Th' 2 reappear therein. The difference with 
Fig. 1A is that the\gates of anode-gate thyristor Th2 and cathode-gate 
thyristor Thl are nearer interconnected, nor connected to terminal 
LIB which does not exist/Ngesigtor Rl bedHg—abSgnte^ 
10 The implementation of this circuit in the form of a 

monolithic component appears in Fig. 4B. This drawing will not be 
p described in detail since it is identical to Fig. IB except for the 

^0 gate metallization: instead of having a single metallization M3, there 

i - i 

jyj are two separate metallizations M31 and M32 only used, respectively, 

-j. 15 to establish the connection with the emitter of transistor Tl and the 
*2 connection with the anode of diode Dl (diode Dl may possibly be 

\j) eliminated) . 

* Of course, the present invention is likely to have various 

alterations, modifications, and improvements which will readily occur 

D 20 to those skilled in the art:. In particular, the various described 
alternatives may be combined. 



